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Cell Culture: New Year’s DietsIf 2011 shapes up like the previous year, then 30% of Americans will go on a diet. In fact, many of
us have already jumped on aweight loss regime to counteract overindulgences during the holidays.
In this Cell Culture, we take a peek at the biology behind popular diets, exploring the metabolic and
neurological tricks that ramp up lipid metabolism and curb appetite before and during meals.‘‘Ketogenic diets’’ boost FGF21 secre-
tion, which triggers a switch from carbo-
hydrate to fat metabolism. Image by K.
Mahan.Atkin’s Attacks Adipose
Many dieters looking to drop a quick 5 lbs will turn to the tried-and-true Aktin’s Diet.
First described almost 50 years ago, the Aktin’s Diet purportedly ‘‘turns your body
into a fat-burning machine’’ by severely restricting the intake of sugars and starches.
Indeed, numerous animal studies indicate that low-carbohydrate, high-fat diets, such
as Aktin’s, induce weight loss by triggering a shift from carbohydrate metabolism to
fat oxidation. What orchestrates this metabolic switch?
The mammalian brain can’t metabolize fat. Thus, as blood sugar and insulin levels
plummet during an Aktin’s diet, the liver starts to generate an alternative fuel—
ketones. Fatty acids are released from adipose tissue and oxidized in the liver to
the ketones acetoacetate and hydroxybutrate. Using microarray analysis, Badman
et al. found that a strict Aktin’s-like diet increases expression of the fibroblast growth
factor 21 (FGF21) by >25-fold in livers of mice. Disrupting this hormone-like signal
blocks ketogenesis and dramatically raises levels of lipid and cholesterol in the
blood. Simultaneously, Inagaki et al. demonstrated that overexpressing FGF21
boosts ketogenesis by 5-fold, decreases insulin levels, and stimulates lipid break-
down in adipose tissue. Both studies identified the nuclear receptor PPARa as the
activator of FGF21 transcription in the liver during fasting or low-carbohydrate,
high-fat diets. Together, these findings suggest that Aktin’s-like diets work by mimicking a state of starvation.
Remarkably, ‘‘ketogenic diets,’’ such as the Aktin’s, are effective at treating drug-resistant epilepsy, and 30% of patients
become seizure free on this regime. Although the precise mechanisms underlying this effect are still unknown, a study by Ma
et al. (2007) found that ketones reduce the firing of GABAergic neurons by opening ATP-sensitive potassium channels at the
cell surface. The authors propose that ketones decrease ATP levels at the plasma membrane because they are oxidized in
mitochondria but not in the cytosol as glucose is.
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fat oleic acid, which serves as a precursor
to a satiation signal during meals. This
photo is licensed from Flickr user Steve
Jurvetson (http://www.flickr.com/photos/
jurvetson/) under a Creative Commons
Attribution license.Flattening the Belly
Launched in 2009 by a New York Times best seller, the Flat Belly Diet is a relative
newcomer on the weight loss block. Its premise is that adding monounsaturated
fats to each meal redistributes body fat away from the abdomen, resulting in a ‘‘flat
belly.’’ Although these waist-slimming claims are still controversial, a study by
Schwartz et al. (2008) indicates that monounsaturated fats may contribute to weight
loss by serving as precursors for a satiation signal generated in the gut during meals.
Food in the small intestine stimulates the production of oleoylethanolamide (OEA),
a ‘‘lipid messenger’’ that, when administrated pharmacologically, reduces calorie
intake in mice by increasing the time betweenmeals. Searching for the dietary source
of OEA, Schwartz et al. injected a variety of compounds into the gut of mice. Oleic
acid, a monounsaturated fat in olive oil, was the only compound tested that increased
levels of OEA in the small intestine while also regulating enzymes that synthesize and
degrade OEA. Next, Schwartz et al. used a combination of biochemistry and mass
spectrometry to show that the lipid transporter CD36 facilitates themovement of oleic
acid into the small intestine’s epithelial cells, where the lipid serves as a direct
precursor for OEA synthesis. Finally, they demonstrated that oleic acid’s effect onappetite depends both on the CD36 transporter and the nuclear receptor PPARa, a master regulator of fat storage and utili-
zation. It will be interesting to determine whether other monounsaturated fats in the Flat Belly Diet, such as linoleic acid in
almonds, also contribute to appetite suppression and reduced caloric intake in a similar fashion as oleic acid.
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Odors reach olfactory receptors by two
routes, through the nose (yellow dots)
and through themouth (blue dots). Image
courtesy of Neuron, 10.1016/j.neuron.
2005.07.022.Sprinkle Sensations
In addition to metabolic signals from the gut, such as OEA, sensory signals also
contribute to satiation and meal termination. In fact, one of the latest diet fads, the
Sensa Diet, banks on the hypothesis that enhancing the odor of foods—by sprinkling
fragrant crystals of flavors and scents atop meals—decreases calorie intake by
boosting satiation signals in the central nervous system (CNS).
When you eat, food aromas take one of two pathways to reach the olfactory epithe-
lium: theorthonasal route through thenoseand the retronasal route through themouth.
Although both pathways lead to the sameolfactory receptors, Small et al. (2005) found
that aromas traveling each route activate distinct regions in the human CNS. First, the
authors inserted one tube under the nostrils (orthonasal route) and one tube at the
nasopharynx (retronasal route) of volunteers. They then delivered a chocolate aroma
through each tube and examined brain activity by functional magnetic resonance
imaging (fMRI). Orthonasal delivery activated a region involved in reward anticipation
(i.e., amygdala),whereas retronasal delivery triggeredanetwork implicated in theplea-
sure experienced when the reward is actually received (e.g., medial orbitofrontal
cortex), suggesting that odors in the retronasal route probably contributemore to sati-
ation signals than those in the orthonasal route. So does enhanced activity in these
brain centers equate to smaller meals?
Tobegin testing this hypothesis, Ruijschop et al. (2009) used a special mass spectrometry technique that quantifies in real-time
aromacompoundsgenerated inan individual’s retronasalpassage.Whenvolunteerswere told toeatuntil theywere ‘‘full andsatis-
fied,’’ individuals that releasedmore retronasal odorants tended to consume fewer total calories. However, the authors also found
that the total concentration of aromas released from a given food varies significantly among individuals, suggesting that the
complexity of a food’s odor, with or without Sensa sprinkles, is only one component contributing to satiation signals in the brain.
Small, D.M., et al. (2005). Neuron 47, 593–605.
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curb cravings in ‘‘Phase I’’ of the South
Beach Diet? This photo is licensed from
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Commons Attribution license.The South Beach
Many weight loss regimes start with a short-term period of highly restricted eating
intended to kick-start your metabolism. For example, the South Beach Diet begins
with a two-week ‘‘Phase I’’ that removes all sugars and carbohydrates from meals.
Such severe dietary restrictions obviously have positive effects on insulin signaling.
But could this carbohydrate hiatus also reduce cravings by resetting dopamine
signaling in the brain’s reward centers?
Food gives humans pleasure by releasing dopamine in the dorsal striatum, and
the amount of pleasure directly correlates with the amount of dopamine released.
A recent study by Johnson and Kenny (2010) found that unlimited access to highly
pleasurable food—cheesecake, bacon, frosting, and chocolate—dampens dopa-
mine signaling in the dorsal striatum of rats and induces behavioral changes similar
to those seen in animals addicted to narcotics. First, the authors train the rats that
turning a wheel triggers a pleasurable stimulation from an electrode implanted in their
hypothalamus. After 40-day access to the decadent foods, the rats not only gain
weight, but their sensitivity to pleasurable feelings drops; the electrical pulse required
to keep the rodents turning the wheel increases by 40%. Moreover, these ‘‘reward
deficits’’ persist two weeks after withdrawal from the palatable foods—a significantly
longer time than similar effects caused by narcotic addiction. Finally, Kenny and
Johnson show that decreased expression of dopamine D2 receptors in the dorsal
striatum accelerates the addiction-like behavior.
Interestingly, fMRI studies indicate that dopamine D2 receptors in the dorsal stria-
tum also play a prominent role in appetite regulation in humans. Stice et al. (2008)
found that dopamine signaling in response to food tends to scale inversely with
bodymass and future weight gain. Furthermore, this relationship is stronger in individ-uals with an allele of the dopamine D2 receptor associated with decreased expression, suggesting that the more pleasure we
feel from food, the less we eat. It will be interesting to determine whether temporary carbohydrate ‘‘withdrawal’’ during
‘‘Phase I’’ of the South Beach Diet boosts dopamine signaling and pleasure sensitivity in dieters.
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